SUMMARY A screening examination including an electrocardiogram (limb leads only) coded by the Minnesota Code, using rigorous quality control was done on 18 403 male civil servants aged 40 to 64. The association of the findings with coronary heart disease has been tested in relation to age trends, symptomatic history, and coronary heart disease mortality rates in the ensuing five years.The results were positive for Q waves, left axis deviation, ST depression, and T wave changes (including minor T wave items as an isolated finding), ventricular conduction defects, and atrial fibrillation;but theywere generally unimpressive for increased R amplitude and for lengthening or shorteningof the PR interval, QT interval duration, premature beats, and extremes of heart rate.
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The prognosis of specific electrocardiographic findings discovered at screening is quite different from when they arise in clinical practice. Among the 6 per cent of men in this study with patterns suggesting ischaemia, the subsequent coronary heart disease mortality was little more than 1 per cent per year; and among those who were symptom free it was even less.
Until recently the electrocardiogram was used was possible to identify and flag the man's record in largely for the purpose of clinical diagnosis, and in the National Health Service Central Register and this way doctors have become familiar with the this provided a virtually complete mortality followsignificance of findings as they occur in sick patients. up. In the 5 years after examination 657 men died. Increasingly, however, the electrocardiogram is also The underlying causes of death were coded by the being recorded in apparentlyhealthy people in order Registrar General's staff, 277 being assigned to to assess occupational fitness or for other screening coronary heart disease . service, or else in the course of epidemiological Before attending for examination the men were surveys. This requires reassessment and reinterpre-asked to complete a self-administered version of the tation of electrocardiographic findings as they arise London School of Hygiene chest pain questionnaire in this different setting. Previous studies of this (Rose et al., 1977a) . A resting electrocardiogram kind have been from other countries (Higgins et al., was recorded on each man, using a 3-channel 1965; Kannel et al., 1969; Blackburn et al., 1970) , Mingograf machine. The recording comprised the in old people Caird et al., 6 limb leads only: omission of chest leads was a re-1974), or based on small numbers or incompletely gretted simplification necessary because of the large defined criteria. We report here the results of a number of subjects involved and because each man prevalence survey with five-year mortality follow-up was available for only a short time. This did not of the electrocardiographic findings classified ac-result in any important loss of information on axis, cording to the Minnesota Code in a large group of rhythm, or conduction disturbances, but right middle-aged British men currently employed as civil bundle-branch block and intraventricular conservants (Reid et al., 1974; Rose et al., 1977b The technicians were instructed to record 5 result to the chest pain questionnaire (angina or technically adequate complexesineachlead, of which history of possible myocardial infarction) or (b) a the middle 3 were later analysed according to the report from the man that he was already under Minnesota Code (Rose and Blackburn, 1968) . Most medical care for heart disease or blood pressure; of the coding was done by technicians, who are and (3) an increased risk of death from coronary generally more suited than doctors to this repetitive heart disease in the ensuing 5 years, measured by application of rigid and elaborate rules for identify-the ratio of observed to expected deaths. The latter ing, measuring, and coding the various components was calculated by applying to the test group the ageof the tracing (Rose, 1965) . All coders had first specific coronary heart disease mortality rates for completed a detailed and standardised system of all men in the study. training and testing developed in collaboration with the Minnesota group, and during the survey there Results were frequent quality control checks. Each record was coded independently by two coders. If their PREVALENCE verdict agreed it was accepted: in cases of disagree-The prevalence rates for individual electrocardioment one of us adjudicated.
graphic findings are shown in Table 1 . Certain The relation of individual electrocardiographic items of the Minnesota Code have not been refindings to coronary heart disease has been assessed ported, either because of their rarity in working men in this study by looking for (1) a prevalence that (e.g. paroxysmal tachycardias), or because they rises with age; (2) an association with present or were considered irrelevant (e.g. Code 9:4, which previous 'symptomatic heart disease', as suggested describes rotation of the heart). In the final colunn at the initial examination by either (a) a positive of electrocardiographic category is shown in whom with second degree AV block (1 of them with a there was evidence of symptomatic heart disease, symptomatic history), and 4 with Wolff-Parkinsonas defined in the previous paragraph; this percentage White syndrome (none of them with a known was calculated after adjusting for the age distribution history). Complete AV block (Code 6:1) was not of the men in that particular electrocardiographic observed. Accelerated AV conduction (Code 6:5) category. A few men with missing information were was seen in 77 men; but it seemed not to be assoincluded in the non-symptomatic group. In the re-ciated with either age or symptomatic history. maining men the survey electrocardiogram apLeft bundle-branch block (Code 7:1) was seen in parently provided the first indication of cardio-286 men, the prevalence rising steeply with age. vascular disease. Among the study population as a Though the number with a symptomatic history was whole 13 per cent of men had 'symptomatic heart significantly above the chance expectation, it may be disease' (as defined), including 4 per cent currently more relevant to stress that almost 80 per cent gave under medical care. This value can be used to assess no history either of significant chest pain or of being an excess frequency of symptoms observed in any under medical care. The omission of chest lead reparticular electrocardiographic category.
cordings made it necessary to group right bundle-QIQS findings were coded in a total of 362 men branch block and intraventricular conduction defects (20 per 1000). Associations with age and with a together. However, even the combined group had a symptomatic history were both clearly evident. prevalence less than half that of left bundle-branch Large Q waves (Code 1:1) were rare, being recorded block; associations with age and symptomatic in only 28 cases; but the age gradient was very steep history were present, but not so strong. and over half of the affected men gave a symptomatic Premature beats are recorded in the Minnesota history. Two-thirds of codable Q/QS items fell into Code only if they form at least 10 per cent of all the class of small Q waves (Minnesota Code 1:3); recorded beats; their prevalence, and associations here the age gradient was shallow and only 20 per with age and symptomatic history, were much the cent of the men gave a symptomatic history. For same as for left bundle-branch block. Atrialfibrillamedium Q waves (Code 1:2) the findings were tion was seen in 4 per 1000 men; there was a very intermediate.
steep age gradient, and over half gave some symptoLeft axis deviation (Code 2:1) was one of the matic history. Codable extremes of heart rate were commonest items, with a rate overall of 31 per 1000. related neither to age nor to symptoms, and the same An age gradient was clear, but there was little was true for low QRS amplitude. association with symptomatic history. The Minnesota Code criterion for right axis deviation is MORTALITY FOLLOW-UP stringent (+ 120°or more) and this was met in only Table 2 shows 5-year coronary heart disease 2 cases. The prevalence estimate for tall left ven-mortality results according to the initial electrotricular R waves (Code 3:1) was lowered by the cardiographic findings (omitting right axis deviation omission of chest leads, but the finding was still and complete atrioventricular block, because of common (7 per 1000 overall); however, it showed small numbers). Subjects have been divided acneither a consistent rise with age nor any large cording to whether or not at the time of screening association with symptomatic history. they gave a symptomatic history, as previously ST depression items wereuncommmon. Prevalence defined. Even with so large a study as this, numbers increased steeply with age, except for Code 4:4 are small in some low-prevalence electrocardio-(upwards-sloping segments). The proportion with a graphic categories and this must be borne in mind symptomatic history was high, ranging from 27 per in interpreting the rates. The latter have been cent for upwards-sloping segments up to around standardised, using the direct method, so that the 50 per cent in the major and intermediate classes outcome can be compared in groups which differed (Codes 4:1-2).
considerably in their age composition. T wave inversion or flattening was the commonest The most striking result is the difference in of all findings. It was strongly related to age, and prognostic significance of specific electrocardioalso (except perhaps for the least grade, Code 5:3) graphic findings according to the presence or to a symptomatic history.
absence of symptoms. In the group with no symptoFirst degree atrioventricular block (Code 6:3, matic history, with the exception of prominent PR >0-22 s) was also common, with a prevalence Q waves (Codes 1:1-2) and atrial fibrillation, there overall of 24 per 1000 men. Its prevalence increased is no other electrocardiographic category where the steadily with age, but the association with sympto-5-year coronary heart disease mortality rate achieves matic history as ascertained in this study was small a figure of even 5 per cent. Among these other and not statistically significant. There were 3 men categories the excess mortality reaches the 5 per cent times worse than for those subjects where the same adjusted %) abnormality was first discovered by screening.
VPB, ventricular premature beat. Fig. 2 analyses the overlap between the predictive information derived from various sources. Where the evidence of myocardial ischaemia (as QT INTERVAL defined in the figure legend) came only from the Drugs which prolong the QT interval tend also to electrocardiogram or the chest pain questionnaire lower the threshold for ventricular fibrillation. This the 5-year coronary heart disease mortality, though raises the possibility that even in the absence of significantly increased, was still only around 3 per drug therapy the QT interval might itself influence cent; this compared with 1-5 per cent for the whole the threshold for fatal arrhythmias. This hypothesis study group. The highest mortality rate (20%) was tested by analysing the distribution of QT occurred in men who were under care and who were intervals in this same group of 165 men, initially free additionally positive to both the electrocardiogram of evident disease, who subsequently died of and the chest pain questionnaire; only 107 men coronary heart disease and comparing it with the were in this category, which thus contributed only findings in the age-matched control group. 20 of the total coronary heart disease deaths (7%).
An appropriate correction for heart rate was considered to be particularly important in view of Items not identified by the Minnesota Code possible differences in rates between the decedents and the survivors. As the other results from this DETAILS OF VENTRICULAR PREMATURE study have emphasised, the significance of electro-BEATS cardiographic findings in the general population The Minnesota Code does not take note of pre-may not be the same as that observed in clinical mature beats unless they form 10 per cent or more of practice. For this reason it was thought unwise to recorded complexes, nor does it distinguish them use the conventional tables for QT interval correcaccording to their origin. This crude classification tion, and preferable to apply a correction based on gave a 5-year coronary heart disease mortality ratio the relation between QT interval and heart rate in of 2-2 but this was not significantly above unity. our own data. Preliminary inspection disclosed the In order to provide a better test, a review was under-expected strong correlation, with no significant other myocardial diseases, or perhaps simply from the extremes of physiological variation. This is well Coronary angiography in such cases has shown unobstructed arteries, and obviously the prognosis is The results of an epidemiological inquiry can be likely to be very different from that of frank myogeneralised only to the extent that the study group cardial ischaemia. For surveys and intervention can be considered representative. The 5-year studies it is necessary to know which patterns are coronary heart disease mortality rate for the whole sufficiently specific to be used as end-points for study group was 15 per 1000, compared with an coronary heart disease. This cannot usually be expectation of 25 per 1000 based on the age-established from clinical studies, since it depends on specific rates for England and Wales in the mid-year the relative frequencies in the particular study of the follow-up period. The London civil servants group of myocardial ischaemia, other causes of in this study were certainly selected regionally and myocardial injury, and physiologically deviant insocioeconomically, though all employment grades dividuals: these relative frequencies may be quite were included in the study. Medical selection was different in hospital and in general populations. probably less important, since entry did not depend One of the aims of the present inquiry was to help on a medical examination. Selective retirement establish for population studies the specific electrocertainly occurred, but excluding all men over the cardiographic findings which can be used to identify age of 60 did not alter any of the main conclusions. coronary heart disease. The excellent service provided by the NHS Central
In addition, clinicians are increasingly required to Register, which was 99 per cent complete, ruled out interpret electrocardiograms taken for routine the possibility of bias in the mortality follow-up.
reasons rather than for particular symptomatic
In epidemiological studies the electrocardiogram indications. Occupational medicine departments, provides one of the most important indicators of general practitioners, and others may nowadays use atherosclerotic disease. With the possible exception the electrocardiogram as a screening rather than as a diagnostic tool, either for prognostic purposes or associated with coronary heart disease, the risk in else as a guide to the need for remedial action. absolute terms tended to be much lower than in the From Fig. 2 it can be seen that the combination of American studies. For example, in the Framingham electrocardiography with a chest pain questionnaire Study (Kannel et al., 1969) 'left ventricular hyperidentified 14 per cent of men as having suspected trophy' in men aged 45 to 62 carried an estimated myocardial ischaemia, and in the next 5 years half 4-year mortality of 30 per cent, a risk not equalled in of all the coronary deaths occurred among the men our study even for major Q waves. in this category; moreover, even at this stage of early Among the special subgroup of men initially free ischaemia the main 'primary' risk factors still exert of evidence of ischaemia, neither QTc nor vena major influence on prognosis (Rose et al., 1977b) . tricular premature beats bore any relation to This adds some weight to the possible value of the prognosis. electrocardiogram as part of a screening and prePerhaps the most striking finding to emerge from ventive service. Conclusions on this important point population studies of the electrocardiogram is the should, however, await some direct evidence on the large difference in prognosis according to the reason benefits of intervention, though in the meantime it for which the record was taken in the first place. may again be helpful to identify the specific electro-For example, 1-year mortality rates of 50 per cent cardiographic findings that are associated with an and more have been reported for left bundle-branch increased risk of coronary death.
block occurring in hospital patients with acute The present study set out to discover evidence myocardial infarction; but of the 286 men in whom linking particular electrocardiographic findings with it was seen in the present study only 17 (5%) died the presence of coronary heart disease on the basis of coronary heart disease in the next 5 years. Even of (1) a prevalence rate that rises with age, (2) an within the study there were big differences in association with a symptomatic history, and (3) an prognosis between symptomatic and non-symptoincreased risk of subsequent coronary mortality. matic men. For example, moderate T wave inCodable Q/QS findings met all three criteria, but version (Code 5:2) occurred in 103 men with a to a diminishing degree as their size diminished: symptomatic history, of whom 21 per cent died; for the least Q/QS grade (Code 1:3) and in the but among 82 symptomless men with an indisabsence of symptoms, the 5-year survival rate was tinguishable electrocardiographic pattern, only over 95 per cent. Even for symptomatic men with 3 per cent died during the next five years. The conlarge Q waves, more than 90 per cent survived this trasting prognosis of seemingly identical electroperiod.
cardiograms was further brought out in Fig. 1 , Other findings where these criteria indicated a where it was shown that for men under medical care clear association with coronary heart disease were the mortality rate within defined electrocardioventricular conduction defects, ST depressions graphic categories was up to four times worse than (except for junctional depression with upwards-for those men not currently under care. Though one sloping segment), and even minor T wave inversion should not dismiss the possibility that medical or flattening, the latter category being predictive treatment can sometimes have an adverse effect on even when it was the only recorded abnormality. In outcome, at least the main explanation of this this respect our findings differ from the Framing-phenomenon must be that men who go to see the ham Study, where minor T wave inversion or doctor tend to be worse cases than those who stay flattening carried no significant risk when present away. as an isolated finding (Higgins et al., 1965) . Sinus Doctors are increasingly being confronted by all bradycardia (rate <50/min) and accelerated atrio-kinds of medical information which do not arise ventricular conduction had no apparent prognostic out of any relevant complaint by the patient. Many significance. Four instances of Wolff-Parkinson-are unaware that the diagnostic significance and White syndrome were seen; all were apparently prognosis of signs arising in the general population symptomless and all survived. Like Blackburn et al. can be very different from those of the identical (1970), we found that tall left ventricular R-waves findings arising in the course of clinical practice, had little significance. But in contrast with their and in the case of electrocardiography in particular findings from the Seven Countries Study we found this can cause the patient much unnecessary alarm. greater prognostic significance for small Q waves In the present study electrocardiographic aband left axis deviation, and less for first degree normalities suggestive of ischaemia, which were atrioventricular block and premature beats. Our present in 6 per cent of the examined men, were negative experience in regard to the latter differs found to carry a subsequent mortality from coronary also from that of life insurance companies (e.g., heart disease averaging little more than 1 per cent a Lyle, 1964) . Even for those items that were clearly year. Compared with the rate in men whose electro-cardiograms were negative (O 2%) this was a highly Kannel, W. B., Gordon, T., and Offutt, D. (1969) . Left significant excess, but to the individuals concerned ventricular hypertrophy by electrocardiogram. Annals of
